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Q Introductlon

¥ A fast Four|er transform (FFT) IS an eff|C|ent
aIgorlthm to compute the discrete Fourier transform
-(DFT) and its inverse, which is W|dely used |n S|gnal
processing and related fields to analyze the "
H e LTS contalned in a sampled S|gnal

ff-f o s"_-.” ¢ €

¥ The Cooley-Tukey algorithm, named after J.W. Cooley
and John Tukey, is the most common fast Fourier
transform (FFT) algorithm.



| _?, @ '?f ? f' ff' _f?
¥ A radlx-2 FFT |s the S|mplest and most common form

of the Cooley—Tukey algorithm. It divides a DFT of

size N into two mterleaved DFTs (hence the name
"radix- 2") of size N/2

N-1
Y(k)= Zx(n)WAff"; k=01...
n=0

k is even, Y(2r)= ZZ: [x(n)+x(n+ %)]WJG" :

2

N

2
For k is odd, YQr+1)= Z [x(n)—x(n+ %)]W}Q’W}G";
n=0

2




&> Introduction

© For 4-Length FFT:




Q Introductlon

@ For 8- Length FFT
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Q Objectlve

€ This proJect reallzes the radlx 2 Cooley Tukey .
algorlthm for 4-length and 8-length FFT calculator in
the ALTERA DE2 70 FPGA board PN |

@ fﬂ o 2 ?_-.” ¢ €

€ The 4-Iength or 8-Iength could _be s_elle'c't'e'd' by user;
¥ The input sequence could be given 'by' user;

¥ The calculation result is shown on 7-segment numeric
LEDs.
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& Implementation

© System block diagram:

ALTERA DE2-70 FPGA BOARD

4-Length

Switches Keyboard Controller S-Length Display ?—Segmgnt
and Module Module FET Module Numeric
Buttons Calculation LEDs

Module

ALTERA EP2C70F896C6 FPGA




&= Implementation

© 4-Length and 8-Length FFT Calculation Module:

¢ € ¥ €

stagel_S8fft calculator_4fft




Q Implementatlon

v e ¢ e e e

@ calculator 4fft

Dre_out[10..0]
fre in[9.0]  Dim_out[10..0]
fm_n[@.0]  Ere_out[i0..0]
Bre_in[3.0]  Bm_out[10..0]
Bim_in[9..0]

Fre_in[3..0] Dim_out[9..0]
Am_in(2..0] Era_out[3..0] x_in[4..0]
Bre_in[&..0] Bm_out[3..0] w_in[8..0]
Bim_in[2..0] c_in[2..0]
W ——— cps_in[10..0]
cms_in[10..0]

wO_ywZ

we_0_hAul_&00

Dre_out[10..0]
Are_jn[3..0] Dim_out [10..0]
clh Dre_out[9..0] Am_in[9..0] Ere_out[10..0]
Are_in[3..0] Dim_owt [3..0] Bre_in[3..0] Bm_owt[10..0]
Aim_in[#..0] Ere_out[9..0] x_in[4..0] i . Bim_in[9..0]
Bre_in[2..0] Bm_out[3..0] w_in[9..0] w1 v3
Bim_in[&..0] c_in[d..0]

%1 and x3 cps_in[10..0]
cms_in[10..0]

we_1_hl_500




Implementation

stag e1_8fft

clk r_out[2..0]
w_in[3..0] i_out[3..0]
y_in[E..0]

c_in[d..0]

cp=_in[10..0]

HAre_in(d. 0] Oirm_out[5..0] cms_in[10..0]

Aim_in[E..0] Ere_out[2..0]
Bra_in[&..0] Bm_out[2..0]
Birm_in[&..0]

clk

w_in[#..0]
Ore_out[2..0] w_in[#..0]

Pee_in[2. 0] Dim_out[2..0] o_in[9..0]

Am_infg..0] Era_out[2..0] cp=_in[10..0]

Bra_in[&..0] Bm_out[2..0] cms_in[10..0]

Bim_in[2..0]

inst1

btprocl

clk Dre_out[3..0] clk
Aee_in[S..0] Dirm_owt [3..0] x_in[&..0]
Aim_in[&..0] Ere_out[3..0] w_in[&..0]
Bra_in[&..0] Bm_out[2..0] c_in[9..0]
Bim_in[&..0] cp=_in[10..0]
e cms_in[10..0]

btprocl

in=th
clk Ore_out[2..0]

Pee_in[2. 0] Dim_out[2..0]
Am_in[E..0] Ere_out[2..0] clk
Bra_in[2..0] Bm_out[2..0] ®_in[2..0]
Bim_in[2..0] w_in[2..0]
insta c_in[9..0]
cp=_in[10..0]
cms_in[10..0]

comull




@ Implementation

¢ € € € ¢ € € ¢ € € €

stagel_Bfft

€ 4-Length and 8-Length FFT Calculation Module:

calculator_dfft

— clki_ref

clh_ref
wll_rafs..0]
x0_im[3..0]
x1_re[3..0]
«1_im[3..0]
x2_ref3..0]
«2_im[3..0]
x3_raf3..0]
w3_im[3..0]
wd_re[d..0]
wd_im[3..0]

x5 _refd..0]

x5 _im[3..0]
wfi_re[d..0]
«fi_im[3..0]
«F_ref3..0]
«7_im[3..0]
wi_0_c[3..0]
wi_0_cp=[10..0]
wi_0_ems[10..0]
wd_1_c[3..0]
wi_1_eps[10..0]
wi_1_ems[10..0]
wi_2_c[9..0]
wi_3_cp=[10..0]
wi_2_cms[10..0]
wi_3_c[@..0]
wi_3_cps[10..0]
wi_3_cms[10..0]

cal_dfft1_x0_re[d..0]
cal_dfft1_x0_im[3..0]
cal_dfft1_x1_re[s..0]
cal_d4fft1_x1_im[2..0]
cal_dfft1_a2_re[3..0]
cal_dfft1_x2_im[2..0]
cal_s$fft1_x3_re[s..0]
cal_dfft1_x3_im[2..0]
cal_dfftd_a0_re[d..0]
cal_4fft2_x0_im[a..0]
cal_dfft2_x1_re[d..0]
cal_s$fftZ_x1_im[3..0]
cal_dfftZ_n2_re[s..0]
cal_&fftZ_wz_im[2..0]
cal_#fftl_x3_re[s..0]
cal_d4fft2_x3_im[2..0]

wl_re[2..0]

w0_im[2..0]

wl_re[d..0]

x1_im[2..0]

xZ_refd..0]

x2_im[3..0]

w3 _re[2..0]

w3_im[E..0]
wd_0_c[3..0]
wd_0_cp=s[10..0]
wd__cms[10..0]
wd_1_=[3..0]
wd_1_eps[10..0]
wd_1_ems[10..0]

wi_re[10.
wl_im[10..
wi_re[10.
wi_im[iD..
wi_re[10.,
w2_jm[i0..
wi_re[10.
wa_im[i0..

in=t1

calculator_dfft

cll_ref

x0_re[2..0]

«0_im[3..0]

wl_re[d..0]

«1_im[2..0]

w2 re[d..0]

x2_im[3..0]

x3_refd..0]

inst

w3_im[E..0]
wd_0_c[3..0]
wd_0_cp=s[10..0]
wd_0_cm=[10..0]
wd_1_e[@.0]
wd_1_cps[10..0]
wd_1_cms[10..0]

wi_re[10.
wO_im[i0..
wi_re[lD.
wi_im[iD..
w2_re[10.
w2_im[iD..
wi_re[10.,
ywa_im[i0..

in=st2




¢ €

€ Other modules:

clk_Z0hz len_out[1..0]
fitd_swm a_s_pressed
fitd_sm a_z_out[1..0]
add_btn o_b_preszed
=ub_btn o_b_out[1..0]
oki_btn

back_btn

inst?

eyboard
Module

Controller
Module

¢ . ©

cortroller

Implementation

@

cll_a00hz
clk_f0hz
clki_Zhz
len_in[1..0]
a_s_pressed
a_s_in[1..0]
a_b_pressad
o_b_in[1..0]

b0 _re_in[10..0]
bO_im_in[10..0]
b1 _re_in[10..0]
b _im_in[10..0]
b2 _re_in[10..0]
b2 _im_in[10..0]
b3 _re_in[10..0]
b3 _im_in[10..0]
b re_in[10..0]
bed_im_in[10..0]
bé_re_in[10..0]
bé_im_in[10..0]
b _re_in[10..0]
bE _im_in[10..0]
b7 _ra_in[10..0]
b? _im_in[10..0]

d0_out [4..0]
d1_out[4..0]
d2_out[4..0]
d3_out[4..0]
dd_out [4..0]
d5_out[4..0]
dfi_out[4..0]
d7 _out[4..0]
dp_out
al_re_mot[2..0]
al_jm_mot[2..0]
al_re_omat[3..0]
al_im_out[5..0]
2 _re_ot[3..0]
2_jm_mat[3..
as_re_out[5..0]
as_im_out[5..0]
ad_re_omot[3..0]
ad_im_oot[2..0]
ah_re_out[5..0]
ah_im_out[5..0]
afi_re_omot[3..0]
afi_jm_oot[2..0]
ar_re_out[5..0]
ar_im_out[5..0]
wn_0_c_out[3..0]
wn_0_cps_out[10..0]
wn_0_cmes_out[10..0]
wn_1_c_out[d..0]
wn_1_cps_owt[10..0]
wn_1_cms_out [10..0]
wn_2_c_out[d..0]
wn_?_cps_out[10..0]
wn_2_cms_out[10..0]
wn_3_c_out[3..0]
wri_3_cps_out[10..0]
wn_%_cms_out [10..0]

clk_500hz b _onst [
do_in[4. | b 1 _onst [
d1_in[4.. b2 ot [t .
dZ_in[4.. b _oust 6.
d3_in[4..] b _onst [
dd_in[4. | b ot [
df_in[4..| b _oust [f5 .
dii_in[4. ] hex ¥ _ost 6.
d7_in[4..

 instz

ms p I avyE[m..
™ 0 AT
H_IME..0] 1_RE[10..

B.0] 1 IW[TD.
Mddule:..
wE_RE[E..0] T2_IM[1D.
¥E_IM[2..0] 3_RE[10..
¥3_RE[E..0] ¥3_IMLID.
3_IME..0] r4_RE[I0..
¥4_RE[E..0] Ta_IM[10..
¥4_IM[2..0] &_RE[10..
5 _RE[E..0] &_IW[TD.
5 _IM3..0] Y&_RE[I0.
WG_RE[E..0] E_IM[1D.
G_IM[2..0] ¥7_RE[10..
W7 _RE[E..0] ¥7_IWLID.

HT_IM[E..0]
WiE_0_CE..0]
WiE_0_CRS[10.
WIE_0_CMS[ID..
WE_1_C[9..0]
WiE_1_CRS[I0.
WIFE_1_CMS[I0..
WfE_2_C[9..0]
WfE_2_CRS[I0..
W _2_CMS[ID..
WE_3_C[9..0]
WfE_3_CPS[I0..
WG _3_CMS[ID..

inzt1
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Result
© To test 8-length FFT:

B+2.3i, 0.5-1.5i, 3.5-3.5i, -5-4i, 1.3+3.2i, -0.8+1.1i, -3.7i]

Columnz 1 through

3. 0000 —-2.8000 + Z.30001  0.5000 - 1.50001  3.5000 - 3.50001 -5.0000 - 4.00002  1.3000 + 3. 20001

Columnz 7 through

-0. 8000 + 1.10001 0 - 3.r70001

»» fft (a)

through &

G. 10001 -0.2068 + 2.13431 11.0000 + 1.10001 15,2668 + 6. 283981 -4, 6000 — 2.70002 11,0869 + 3. 265671

Columnz 7 through &

—-14.4000 - 8.30001  B.8331 + 4.31011




& Result

¢ e e

© To test 4-length FFT:

>y oa=[12,7-3. 41, —E.D+1;Ei, —15.9—5.31; -3, 049, 51]

12,7000 = 3.40001 -&. 0000 + 1.:200012 -15.9000 - &.30001 -—3.0000 + 9. 50001

»r £t fa)

—-14. 2000 + 1.00001 20,3000 + 7. 90001 7V.&8000 -Z20.40001 36,5000 - 2010001
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